The basal ganglia are often conceptualised as three parallel domains that include all the constituent nuclei. The 'ventral domain' appears to be critical for learning flexible behaviours for exploration and foraging, as it is the recipient of converging inputs from amygdala, hippocampal formation and prefrontal cortex, putatively centres for stimulus evaluation, spatial navigation, and planning/contingency, respectively. However, compared to work on the dorsal domains, the rich potential for quantitative theories and models of the ventral domain remains largely untapped, and the purpose of this review is to provide the stimulus for this work. We systematically review the ventral domain's structures and internal organisation, and propose a functional architecture as the basis for computational models. Using a full schematic of the structure of inputs to the ventral striatum (nucleus accumbens core and shell), we argue for the existence of many identifiable processing channels on the basis of unique combinations of afferent inputs. We then identify the potential information represented in these channels by reconciling a broad range of studies from the hippocampal, amygdala and prefrontal cortex literatures with known properties of the ventral striatum from lesion, pharmacological, and electrophysiological studies. Dopamine's key role in learning is reviewed within the three current major computational frameworks; we also show that the shell-based basal ganglia sub-circuits are well placed to generate the phasic burst and dip responses of dopaminergic neurons. We detail dopamine's modulation of ventral basal ganglia's inputs by its actions on pre-synaptic terminals and post-synaptic membranes in the striatum, arguing that the complexity of these effects hint at computational roles for dopamine beyond current ideas. The ventral basal ganglia are revealed as a constellation of multiple functional systems for the learning and selection of flexible behaviours and of behavioural strategies, sharing the common operations of selection-by-disinhibition and of dopaminergic modulation. ß 2009 Elsevier Ltd. All rights reserved.
Abbreviations: cAB, caudal accessory basal nucleus (of the amygdala); rAB, rostral accessory basal nucleus (of the amygdala); ac, anterior commissure; ACd, dorsal anterior cingulate cortex; AId, dorsal agranular insular cortex; AIv, ventral agranular insular cortex; cBmg, caudal magnocellular basal complex (of the amygdala); rBmg, rostral magnocellular basal complex (of the amygdala); Bpc, parvicellular basal complex (of the amygdala); DG, dentate gyrus; DLS, dorsolateral striatum; DMS, dorsomedial striatum; EC, entorhinal cortex; Fr2, cortical ''frontal region 2''; FS, fast-spiking (interneuron); GP, globus pallidus; GPe, external division of the globus pallidus (primate); GPi, internal division of the globus pallidus (primate); IL, infralimbic cortex; LEC, lateral entorhinal cortex; LH, lateral hypothalamus; LPO, lateral pre-optic area; LTS, lowthreshold spiking (interneuron); LV, lateral ventricle; MEC, medial entorhinal cortex; MD, mediodorsal nucleus of the thalamus; MO, medial orbital cortex; MSN, medium spiny neuron; NAcc, nucleus accumbens; PL, prelimbic cortex; PPn, pedunculopontine nucleus; SNc, substantia nigra pars compacta; mSNc, medial division of the substantia nigra pars compacta; SNr, substantia nigra pars reticulata; STN, subthalamic nucleus; dSub, dorsal subiculum; iSub, intermediate subiculum; vSub, ventral subiculum; VP, ventral pallidum; VPdl, dorso-lateral division of the ventral pallidum; VPvl, ventro-lateral division of the ventral pallidum; VPm, medial division of the ventral pallidum; VTA, ventral tegmental area; VTAl, lateral division of the ventral tegmental area; VTAm, medial division of the ventral tegmental area.
